T HE LEFT VENTRICLE may be catheterized from the aorta,1-3 from the left atrium by several routes,46 or may be directly punctured. Since 1958 we have performed left ventricular puncture in 142 cases for pressure measurements and contrast injection. It is the aim of this paper to report our complications together with a review of those reported by others.
T HE LEFT VENTRICLE may be catheterized from the aorta,1-3 from the left atrium by several routes,46 or may be directly punctured. Since 1958 we have performed left ventricular puncture in 142 cases for pressure measurements and contrast injection. It is the aim of this paper to report our complications together with a review of those reported by others.
Material and Methods Our cases were 6 months to 56 years old, most between 30 and 40 years of age. The diagnoses are presented in table 1 . The main indications for the procedure were aortic stenosis or mitral insufficiency, and our results with it were recently reported. [7] [8] [9] The investigation is performed with the patient in the fasting state, under penicillin prophylaxis with blood and necessary equipment for cardiac resuscitation in readiness. In adult patients general anesthesia is not used, only premedication with morphine and scopolamine. The puncture is performed by a thoracic surgeon in the presence of a cardiologist, an anesthesiologist, and a radiologist. We use the intercostal method of Brock et al. 10' 11 We only wish to stress that the needle used has a blunt end and a sharp mandrin. When the ventricular cavity is reached, the needle is locked by a screw so that it cannot be introduced farther. An electrocardiogram is continually monitored on a two-beam cathode-ray oscilloscope. The pressure curves from the left ventricle and a peripheral artery are recorded. The ventricular curve must be free and undamped up to the moment of contrast injection and during slight changes in the position of the needle, in order to avoid intramyocardial deposition of contrast medium. With an automatic pressure syringe we then inject 1 to 1. checked after the contrast injection. During the injection phase and immediately afterwards compression of both common carotid arteries is performed to diminish the flow of the dye to the brain. In order to avoid alteration in the position of the needle during this time, the patient is ordered to hold his breath. A chest radiogram of the frontal projection in the supine position is taken shortly afterwards; if this is unaltered, the patient is transported to the postoperative ward. For the next 20 hours he is closely supervised with frequent and regular observations of pulse and blood pressure. Then a chest radiogram in frontal and lateral projections in the sitting position and an electrocardiogram are taken and the patient is brought back to the medical ward. As a rule the patient leaves the hospital a few days later.
Results
We have performed 142 left ventricular punctures on 137 patients. In four cases the puncture was unsuccessful. In one of these cases the needle caused very frequent ventricular premature beats. In two other cases the needle entered the right ventricle. No contrast material was injected, and the surgeon deemed it inadvisable to perform more punctures. In the fourth case ventricular fibrillation occurred, which necessitated cardiac resuscitation. Of the remaining 138 punctures no injection was possible for technical reasons in four cases and in one case because of coagulation in the needle. There remained 133 successful punctures in 131 cases.
In most instances only slight or no pain was experienced during and immediately after the puncture. When the needle passed through the ventricular wall extrasystoles of ventricular origin were seen in practically all cases. When the needle end was free in the ventricular cavity, the pre-existing rhythm was restored as a rule. In one case A few of these cases were combined with other disorders, such as tricuspid stenosis and insufficiency, aortic coarctation, atrial septal defect, corrected transposition,'4 and extreme poststenotic aortic dilatation, due to proved cystic medial necrosis in one case. a short run of supraventricular tachycardia (175 per minute) was registered during the puncture but soon subsided and contrast injection could be performed.
During and immediately after the angiocardiography some events were regularly seen (table 2). During the injection 5 to 10 ventricular extrasystoles occurred, probably released by the contrast jet hitting the opposite endocardium. Preceded in some cases by asystole or bradyeardia, a moderate tachycardia followed, accompanied by a blood pressure fall of varying degree. After the angiiocardiography some patients complained of headache, which was in no case severe, and a few experienced nausea.
A slight rise in temperature (37.5 to 38 C.) was noted in 74 cases during the first 24 hours. In 15 other cases the temperature exceeded 38 C., generally associated with minor or major complications. Four cases had pleuritic pain localized to the site of puncture for more than 24 hours without proved cause. One of them, however, had a pericardial friction rub.
The complications may be divided into mninor and major groups. and did not require special therapeutic measures.
1. Hemopericardiunm. There may always be some leakage of blood into the pericardium. Twenty-seven cases were operated upon within 2 months and in four cases the surgeon noted " enlarged amounts" of blood in the pericardial sac. None of these cases had clinical signs of cardiac tamponade, and the operation was performed 8, 8, 11, and 30 days after the puncture.
2. Pneumothorax was observed in eight cases and caused no subjective discomfort. The diagnosis was established by chest radiogram in seven cases and only by angiocardiogram in one (being substernal). In the other seven cases it was left-sided and in all but one of minimal size. In this last case it was three fingers broad.
In the case diagnosed by angiocardiography and in another a loud extra heart sound with varying position in the heart cycle was heard for several days. In the first patient it was audible only during inspiration and was so loud as to be heard at some distance, and by the patient himself. In the second case it was less loud, present in all phases of respiration and was followed some days later by a typical pericardial friction rub. The electrocardiogram and radiogramns were normal. These phe- nomena were probably due to the presence of a small amount of air between the pericardium and the pleura, causing a "noisy pneumothorax. "12 For practical purposes the chest radiograms were not performed in expiration, when a small pneumothorax would more often be evident.
3. Pleural effusion was seen in 15 cases, in 12 cases on the left side only, in one on the right side, and in two bilateral. It always appeared to be minimal, although no radiographs were taken with the patient in the lateral recumbent position. 4 . Pulmonary complications in the form of small basal, atelectatic streaks were seen on the left side ill six cases, and on both sides in two cases. Only one case had fever exceeding 38 C. Two cases showed clinical and radiologic signs of bronchopneumonia 1 or 2 days after the puncture.
In cases with effusion and parenchymatous changes there were no abnormalities in the radiographs immediately after puncture. In contrast, pneumothorax was detectable as often in these as in the radiograms a day later. This observation may explain the lung changes: the immobilization for 12 to 14 hours after puncture plus slight chest pain may cause a superficial ventilation. The observed changes soon disappeared. 5 . Late disturbances of heart rhythm. Atrial fibrillation began one and two days after the puncture in two cases with combined mitral and aortic valvular disease. There may have been no relation between the puncture and the fibrillation, although late onset of arrhythmia has been noted often after noncardiac thoracic surgery.13
Major Complications
This group includes ventricular fibrillation, cardiac tampoilade, faulty contrast injection, and cerebral complications (table 4). Some of our cases were briefly repor.ted earlier."
1. Ventricular fibrillation occurred once, il a 32-year-old woman with aortic stenosis, aortic insufficiency, and slight aortic coaretation. It was difficult to reach the ventricular cavity and at the second puncture ventricular fibrillation appeared. Thoracotomy was immediately performed, and after cardiac massage and defibrillation sinus rhythm was rapidly restored. Left ventricular puncture was then made on the exposed heart, but iio contrast medium was injected. The patient recovered.
2. Cardiac tamponade occurred in six cases, twice with fatal outcome. The first case was a 55-year-old man with severe calcific aortic stenosis. For technical reasons no contrast medium could be injected. When returned to the ward he developed signs of cardiac tamponade, and thoracotomy was performed when he developed cardiac standstill. In spite of cardiac massage and acute surgical dilatation of the aortic valve, spontaneous cardiac activity was not restored. He had a large hemopericardium and autopsy revealed gross hypertrophy of the left ventricle except at a small region near the apex. Here the wall was only a few millimeters thick, and this was unfortunately the puncture site. Microscopically this area showed interstitial fibrosis.
The second fatal case was a 47-year-old woman with severe mitral insufficiency. She was severely ill with pulmonary hypertension, a heart size of 1,760 Ml./M.2 body surface area, and a very low capacity for work. About 2 hours after the puncture with left ventricular angiocardiography, she became hypotensive, and soon afterwards the heart stopped. On thoracotomy cardiac tamponade was found but cardiac massage was without success.
In a third case, a 27-year-old man with a small ventricular septal defect, the puncture was successful but no contrast iin dium was injected because the tubing ruptulnd 1. Beginning from the second day he was febrile. Repeated chest radiographs showed at first only Circulation, Volume XXIV, Aghast 1961 left pleural effusion; on the sixth day, enlargement of the cardiac silhouette. An electrocardiogram taken this day showed frequent ventricular extrasystoles and S-T elevations indicative of pericarditis. On pericardial puncture on the seventh day only 70 ml. of blood were obtained. On the tenth day he fainted in bed. The area of absolute cardiac dullness was increased and another pericardial puncture on the eleventh day yielded 120 ml. of blood, but the patient became unconscious and thoracotomy was performed. The pericardium was found to contain 1,400 ml. of blood. There was right ventricular hypertrophy with clockwise rotation of the heart.
Consequently the descending branch of the left coronary artery lay near the apex and had been injured by the needle. The patient made a good recovery but 3 months later he was hospitalized once more because of chest pain and fever. The heart size had increased and a thoracotomy was performed again, since puncture failed. Besides a pleural exudate a frame-work was found inside the pericardial cavity, containing blood-stained fluid. To prevent constricting pericarditis a pericardectomy was deemed necessary. He finally recovered after a second relapse with fever and signs of myocarditis. We interpreted this case as cardiac tamponade which was atypical, due to the slow oozing of blood from the injured vessel, complicated with a perimyocarditis with doubtful relation to the puncture. In a fourth case 100 ml. of blood were evacuated by pericardiocentesis a few minutes after the procedure and resulted in improvement. In two other cases only 50 ml. of blood could be evacuated. In at least one of these there were obvious clinical signs of cardiac Cfr.ulation, VQoU.me XXIV, AuguSt 1P61. tamponade that promptly subsided afterwards.
3. Faulty contrast injection caused the death of a 9-month-old boy with atypical tetralogy of Fallot. On suspicion of aortic stenosis the puncture was performed and at the third attempt the needle entered the left ventricle. In spite of a previous free pressure curve, the electrocardiogram showed deep Sdeflections and S-T depressions during the contrast injection. The angiocardiogram and a chest radiogram 11/2 hours later showed contrast medium in the left myocardium ( fig. 1 ). He did well the first hour but then rapidly deteriorated. Because of cardiac standstill thoracotomy was performed but no contractions of the left ventricle could be evoked. The pathologic examination showed hemorrhage in the posterior wall of the left ventricle, with 3-cm. rupture of the endocardium.
In two cases the angiocardiogram showed that small amounts of contrast medium had been injected into the myocardium. However, no contrast medium was detectable on the radiographs taken some minutes later, and there were no clinical symptoms. In a fourth case a small amount of contrast medium was injected into the pericardial sac, There were no sequelae. In two cases, a 36-year-old woman and a 55year-old man, both with combined mitral-aortie valvular disease, there was a disorientation for some hours afterwards with amnesia. There were no other neurologic signs and they recovered completely. The probable genesis was a reaction to the contrast medium. In the first case, however, there were some signs of cardiac tamponade, too; and pericardial puncture yielded 50 nil. of blood.
Discussion
The reported complications of left ventricular puncture in the literature are listed in table 5. They are divided according to the method of puncture-subxiphoid or intercostal. As is evident from the table, practically all workers with the subxiphoid method have performed left ventricular augiardiogra. phy, whereas our group has employed the intercostal method. The different consecutive reports by one and the same team are listed together, as some of the major but nonfatal complications are not repeated in their latest reports.
Ventricular fibrillation that necessitated thoracotomy occurred twice, both with recovery after cardiac massage. In the case of Smith et al. 19 contrast medium was injected slowly and near the origin of the left coronary artery. In our case no contrast medium was injected but repeated punctures were made. The risk of ventricular fibrillation emphasizes the absolute necessity of a continuous electrocardiogram during the procedure. Impending ventricular fibrillation is sometimes heralded by multiple ventricular extrasystoles; if it is establi}lseda cardiac resuscitation must be per-Circulaton. Volume MY1, Auguet loci formed without delay. As prophylaxis 100 per cent oxygen breathing and the administration of quinidine or procaine amide might be of value. Premedication with drugs containing atropine may cause tachycardia and ventricular extrasystoles.
Fatal cardiac tamponade seems to occur with either method. Lehman reports three successfully treated cases among more than 300 left ventricular punctures. 23 In a series of 184 intercostal punctures Ross29 reports two fatal cases, a 61-year-old woman with arteriosclerotic heart disease without aortic stenosis, and a 57-year-old man with aortic stenosis. In both cases the procedure was somewhat protracted due to attempted aortic catheterization. In the first case the needle entered the left ventricle through a 3-mm. thick fibrous part of the myocardium as in our fatal case. In a third case28 signs of cardiac tamponade appeared suddenly on the fourth day after the puncture but then spontaneously subsided. Morrow et al. 30 observed one case of cardiac tamponade in seven direct left ventricular punctures. Botham et al. 34 reported one case of cardiac tamponade that necessitated thoracotomy. The needle had been left in situ for 15 minutes.
In our two fatal cases cardiac tamponade was at once suspected but unfortunately thoracotomy (or pericardial puncture) was not performed until cardiac arrest suddenly appeared. It is possible that immediate intervention might have prevented the fatal outcome.
It seems probable that the amount of blood in the pericardial cavity can be rather large without causing signs of tamponade. Of the 69 cases reported by Lehman et al. 21 35 were operated upon 1 to 20 days after the puncture. Eleven cases were found to have 50 to 100 ml. of blood in the pericardium, two cases 100 to 200 ml., and in one case 300 ml. In no case were there clinical signs of cardiac tamponade. Green et al. 32 reported thoracotomy in 18 cases immediately after the puncture and generally found 75 to 100 ml. of blood; in one case, 150 ml. None of these cases showed clinical signs of cardiac tamponade in spite of a Civowsion, Volumf XXIV August 1*90 rather large hemopericardium. The explanation is probably that the bleeding had been slow. On the other hand, small but rapid bleeding might cause signs of tamponade.
In the available literature no report has been seen of a lacerated coronary vessel as the cause of hemopericardium after left ventricular puncture. This was the mechanism in one of our cases (L.B.) in which thoracotomy was performed. Preoperatively there had been a strong suspicion of a ventricular septal defect.
Hemopericardium with cardiac tamponade should be suspected when a fall in blood pressure reappears some minutes after the procedure. In our experience the electrocardiogram has not been very helpful. Only standard lead II has been used and there have been no diagnostic ST-T alterations. Likewise the chest radiographs taken about 10 minutes after the puncture have been normal in all cases, with unaltered size silhouette. Thus, it is not probable that studying the heart size during the Valsalva maneuver would be helpful for the diagnosis of pericardial effusion. We have not been observant regarding the presence of the pulsus paradoxus, as is described in pericardial effusion.
When cardiac tamponade is suspected, urgent therapy is necessary. Pericardiocentesis should be carried out as rapidly as possible, in the ward or in the cardiac laboratory. If immediate, significant, and lasting rise in blood pressure is not obtained, another puncture is performed. If the patient still is hypotensive, a thoracotomy is performed at once. with ventricular fibrillation, cited above, was due to contrast injection near a coronary artery. The same authors reported that the needle once entered a distended stomach, appar-ently with 1o ill effects."7 Lehman123 lost three cases due to intramlyocardial injection, one case not until 6 months later and due to bolus of contrast substance in the septum causing heart block. Seven other cases survived. Greenberg et al. 24 reported six faulty injections, four into the myocardiumi, one into the pericardium, and one into both. There were transient electroeardiogra~phic abnormalities but no sequelae. Our fatal case was a. 9-nionthold boy; in. infants this procedure should be avoided. In a 6-month-old girl with mitral insufficiency and ventricular septal defect, however, the puncture with angiocardiolgraphy was successful but the contrast medium was injected manually. In no ease did we erroneously inject into the right ventricle. This occurred in 12 injectionls by Lehinan et al.22 Certain precautions should be undertaken to prevent this complication.17' 21 The needle must be short-beveled, preferably with a blunt end and a sharp mandrin. Side-holes might give better contrast mixing but would be more dangerous because a free pressure curve would not guarantee a completely free position ill the cavity. The pressure curve should be free immediately before the injection (as it was, however, in our fatal case). The patient must hold his breath during the 2 to 3 seconds of injection. In agitated patients geimeral anesthesia might be preferred; in infants, it is necessary. The pressure curve must be unchanged and free when the needle is moved in different directions. Lehman The whole procedure should not take longer than about 5 minutes. The gage of the needle seems to be of some importance, as is seen from table 5. Fleming et al.28 experienced three cases with cardiac tampoinade when changing from a needle with a 1.25-mmn. outer diameter, to one with 1.5 nuni., in order to facilitate catheterization of the aorta. Ill these cases, however, the prolonged time inay be the chief cause. On the other hand, a needle with smaller diameter is less suitable for angiocardiography, as the contrast medium will be injected too slowly.
Summary and Conclusions In a series of 142 percutaneous left venltricular punmctures we have emicomitered 1 1 cases of major coml)lications with thlree fatalities. About 900 left ventricular punctures are reviewed, with a total of 8 fatal comul)lications, i.e., less than 1 per cent. The fatal cases Were to the same extent due equally to cardiac tamiponade and intramyil-ocardial deposition of contrast material.
To prevent. cardiac tammmponade the needle should be as small as practicable, and the needle left in the heart as short a tinie as possible. Great care should be exercised when iseheinic heart disease is suspected. Cardiac tamnponade requires prompt diagnosis and immediate treatment.
The risk of faulty contrast deposition may be minimized by ensuring the free position of the needle end in the ventricular cavity imimediately before anlgiocardiograp)ly. Tlhis risk is larger in small infants with a small ventriele.
The puncture always must be performed with comitinuous electrocardiogrraplhie control. Ventricular fibrillation mustibe immediately diagnosed and treated, but fortunately it is rare.
The percutaneous puncture can be performued either by the subxiplmoid or the intercostal method. The frequency of cardiac tamnponade was nearly four times greater with the latter method. On the other hand there is a higher frequency of extrava-sal contrast injection with the subxiphoid method. T hee (uestion of which method is safest (cannot be answered yet.
In our opinion, percutaneouss left ventricular puncture comubined with selective left ventricular ang(iocardiogral)hyis a practical method that grives valuable information re-Circuitutiorv, Vglumc XXIV, Auguest 1961 garding rheumatic heart disease, especially aortic stenosis and mitral insufficiency. It is, however, associated with a definite morbidity, some of which cannot be avoided. This method should therefore be performed only in the investigation of cases for major heart surgery. At least in cases without tight aortic stenosis retrograde aortic catheterization of the left ventricle is, according to our experience in the last year, a more secure and equally informative method. Retrograde left ventricular angiocardiography may immediately be followed by aortography to evaluate competence of the aortic valve.
